pleura thickening; benign pleural effusion, and malignant mesothelioma (involving pleura, peritoneum, pericardium, and tunica vaginalis of the testes) 4) . Exposure can also increase the risk of other cancers, notably lung cancer 5) .
In 2012, the International Agency for Research on Cancer added the larynx and ovaries as two further cancer sites related to asbestos exposure 6) . In addition, positive associations have been observed between exposure to all forms of asbestos and cancer of the pharynx, stomach, and colorectum 6) .
The WHO has estimated that more than 107,000 people die annually from asbestos-related mesothelioma, lung cancer and asbestosis 7) . In Spain, 2,514,346 tons of asbestos were imported between 1906 and 2001, the year in which the utilization, production, and sale of asbestos fibers and associated products were prohibited 8) . A large Industrial Health 2017, 55, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] proportion of the imported asbestos was used in buildings, pipes, and roofs constructed between the 1960s and 1990s; hence, the mortality and morbidity burden due to asbestos exposure will continue to rise over the next few years, given the usually long latency period before the appearance of these diseases (e.g., up to 40 -50 years for mesothelioma) 9 ) .
An account was recently published of the asbestosrelated occupational diseases recognized by the Spanish National Insurance System between 1961 (when asbestosis was first acknowledged as an occupational disease) and 2010, recording 815 cases of asbestosis 10) . In addition, 164 asbestos-related occupational cancers were recorded between 1978, when asbestos-related bronchopulmonary cancers and mesothelioma were first recognized as occupational diseases, and 2011 11) . These data contrast with the more conservative estimates published in other studies, suggesting that an accurate picture of the true impact of asbestos on health requires the integration of information on patients with asbestosis, pleural plaques, or mesotheliomas treated in the Spanish National Health Service (NHS) and on the population-attributable fraction of tumors known to be associated with asbestos exposure, i.e., in lung, larynx, ovary, colon, and rectum 6) . The medical costs of treating ARDs have received little attention. The objective of this study was to estimate the burden of malignant ARDs to the Spanish NHS between 2004 and 2011, calculating the direct medical costs of its treatment. Estimation of the burden of a disease and its costs is essential for taking optimal public health decisions in relation to risk reduction/control measures and the planning of human and material healthcare resources.
Methods
The burden (number) of ARDs in Spain between 2004 and 2011 was estimated by identifying all cases due to asbestosis, almost all cases due to mesothelioma, and the proportion (and therefore number) of cases of lung, laryngeal, ovarian, colon and rectum cancers attributable to asbestos exposure. Table 1 provides a matrix of disease  categories [with International Classification of Diseases-9 th Revision (ICD-9) codes] and the population-attributable fraction by sex 12 -15) . These data were combined with healthcare and associated costs obtained from the different NHS care levels. A prevalence approach was used to estimate the overall burden of ARDs. The study period begins in 2004, the first year with available data on specialist outpatient care, and ends in 2011, the latest year for which data are available on each disease type.
Mesotheliomas as a proportion of recorded pleural and peritoneal cancers
The Spanish NHS uses the ICD-9 classification system, which has no specific code for mesothelioma. Therefore, we applied a multiplier obtained in a previous study on the proportion of pleural and peritoneal cancers estimated to be mesotheliomas in Spain between 2004 and 2006 9) , in which 362 out of 496 deaths coded as cancer of the pleura were pleural mesotheliomas, and 51 out of 673 coded as cancer of the peritoneum were peritoneal mesotheliomas. Hence, the number of cases due to pleural mesothelioma was estimated by multiplying the number of pleural cancer cases by 0.68 (0.73 in men and 0.55 in women), and the number due to peritoneal mesothelioma was estimated by multiplying the number of peritoneal cancer cases by 0.08 (0.1 in men and 0.05 in women).
Calculation of the costs
We estimated direct healthcare costs of ARD's for the Spanish NHS. Two types of analysis were performed: a) using NHS data on the cost of specialist (hospital and outpatient) care to compute the cost of cases treated at NHS hospitals; and b) mining secondary data sources to estimate the costs of primary healthcare and prescription drugs a .
Data in the Information System of the NHS was accessed using the NHS Interactive Consultation program, selecting the registry of hospital discharges (CMBD-H) and registry of specialist outpatient care (CMBD-AAE) 16) . Primary care included the total use of primary healthcare resources (family doctor, nursing staff or emergencies), pharmaceutical care included all expenditure on prescription drugs, and specialist care included inpatient care, specialist outpatient care and also the hospital pharmaceutical costs, which are included in the CMBD and WAU databases. Information on costs related to long-stay hospitals was not considered because these data are not included in the CMBD database. Because the Baix Empordà district covers a relatively small population (around 134,000 in 2013), only a small number of patients were recorded in each diagnostic group under study. It would therefore have been inappropriate to calculate the mean cost of each disease per year, which may be heavily influenced by the severity of a given patient. For this reason, we computed the mean cost of each disease over the entire study period and for the whole population (males and females). The ratios obtained were applied to the time-series data on specialist care costs in order to obtain the primary care and pharmaceutical care expenditure. Table 2 exhibits these calculations, in which the 'cost factor for primary care' is the primary care expenditure divided by the specialist care expenditure, and the 'cost factor for pharmaceutical care' is the pharmaceutical care expenditure divided by the specialist care expenditure.
The cost factors for primary care and pharmaceutical care were not available for asbestosis or mesothelioma, because there were no records of patients with these dis- Industrial Health 2017, 55, 3-12 eases in Baix Empordà during the analyzed period. Therefore, the cost factor obtained for lung cancer was used for these diseases, on the grounds that their medical costs would be relatively similar.
Results
Between 2004 and 2011, there were 37,557 admissions for ARDs to Spanish public hospitals of individuals over the age of 25 years ( > 40 years in the case of mesothelioma), 97.1% of whom were male and 2.9% female. The rate of hospital discharges for ARDs per 100,000 Social Security-affiliated employees was 43.9 in males and 1.9 in females. Over this period, men showed a slight increase in this rate (43. (Table 3) . Source: prepared by the authors from data provided by the National Health System "Consulta Interactiva", Ministerio de Sanidad, Servicios Sociales e Igualdad. Instituto de Información Sanitaria (2013) 16) Between 2004 and 2011 there were 5,253 specialist outpatient visits for the diseases under study, 97.4% by men and 2.6% by women (Table 4) . Although the male-female ratio differed among the diseases, there was always a predominance of males. Cases attended in day hospitals were 6-fold higher in 2011 than in 2004, with a 14-fold increase for females, and an increase was observed in both sexes for all diseases under study with the exception of asbestosis.
Hospital cost per disease was highest for colon and rectum cancers, which also required a longer hospital stay. The mean length of hospital stay tended to decrease over the study period for all diseases in both sexes except for asbestosis in women. The lowest hospital costs were for asbestosis. The cost was higher in women for mesothelioma (Table 3 ). The total public hospital cost for the eight-year study period was 234,153,370.71 €, of which 96.8% corresponded to male patients. Between 2004 and 2011, these costs rose by 25.3% for men and by 66.5% for women. The total cost of specialist outpatient care for these diseases was 2,045,543.95 € over the same period The only ARD evidencing a reduction in total costs over the study period was asbestosis in men. These interannual changes were relatively similar among the three types of healthcare considered. The highest costs incurred over the period were for tracheal and bronchopulmonary cancers, both globally (60.5%) and among the men (62.1%), whereas mesothelioma incurred the highest costs among the women (77.9% of total for females). Specialist healthcare represented 50.9% of the total healthcare cost of these ARDs. The next highest cost was that for pharmaceutical care, which represented 38.95% of the total, while primary healthcare was responsible for 10.15% of the total costs.
Finally, Table 6 lists the mean costs per case for each ARD in 2004 and 2011 and in the whole period under study (2004 -2011) as well as the mean age (SD) of hospital inpatients, the only patients for whom these data are available.
Discussion and Conclusion
The historic use and handling of asbestos in Spain continue to evidence a major impact on health. ARDs produce around 4,700 hospital admissions and over 650 specialist outpatient consultancies per year, and their direct annual cost to the Spanish NHS is estimated to be around 58 million euros. In fact, this is an underestimation of the global expenditure by the NHS on ARDs, given that the fraction of pharynx and stomach cancers attributable to asbestos has not been considered. In industrialized countries, occupational exposure is responsible for 100% of asbestosis cases, at least 85% of mesothelioma cases, and a variable proportion of the other diseases studied. Between 2004 and 2011, 37,557 public hospital admissions were for ARDs in individuals aged 25 years or more ( > 40 yrs for cases of mesothelioma), mainly for lung cancer, mesothelioma, or laryngeal cancer. Furthermore, 2,611 individuals aged 40 years or older (1,952 men and 659 women) died from pleural mesothelioma over the eight-year study period 16) . In contrast, only 490 cases of ARDs were recognized as occupational diseases under the Spanish National Insurance System over the same period: 81 cases of mesotheliomas, 66 of bronchopulmonary cancer, 280 of asbestosis, and 63 of pleural plaques 10, 11) . Evaluating the costs of ARDs based on workers' compensation can lead to gross underestimations and hinder comparison between countries, because of differences in national legislative frameworks, insurance systems, and recognition rates. Thus, compensation schemes cover 35% of mesothelioma cases in Italy and between 16% and 25% of those in France, depending on the region 19) , whereas only 6.4% of mesothelioma cases in men and 0.3% of those in women are considered as occupational diseases in Spain 11) . The gross under-recognition of ARDs in Spain not only reveals the deficiencies of the Spanish National Insurance System but also has a negative economic impact on the NHS, which is estimated to incur healthcare costs of 58 million euros every year that should be paid under the compensation scheme for occupational ARDs victims. It is estimated that over a thousand individuals will die from pleural mesothelioma in Spain between 2016 and 2020, and asbestos-related deaths are expected to continue until at least 2040 9) . For this reason, the gathering, analysis, and diffusion of data on these diseases and on their relationship with occupational exposure is crucial for planning prevention and healthcare programs and for the appropriate compensation of victims. The calculations and analysis of the healthcare burden of ARDs in our study represent useful tools for informing decisions and redefining health policies and the human and material resources required.
More than half (68.5%) of hospital admissions for ARDs were for bronchopulmonary cancers, followed by mesothelioma (10.3%) and laryngeal cancer (8.8%), while the smallest number was for asbestosis (0.8%), similar to previous findings in Europe 20) . We highlight the marked 21) . A further potential limitation is that our utilization of ratios for the whole period as a proxy of primary, specialist, and pharmaceutical care costs assumes that there was no substantial variation in the treatment of these diseases between 2004 and 2011. This appears to be a reasonable assumption, but a certain degree of bias cannot be ruled out.
There was an increase in consultancies for all ARDs with the exception of asbestosis, responsible for the smallest number of consultancies, which rose until 2006 and then declined, consistent with published evidence on the decline in the morbidity and mortality of this disease in Spain and Europe 10, 20) .
Previous studies on the attribution of ARDs to occupational exposure concluded that this approach is highly unlikely to overestimate the true impact of this exposure on morbidity and mortality 22 -24) . In fact, as noted above, our data likely represent an underestimation, because no account was taken of pharyngeal or stomach cancers, as the proportion due to asbestos exposure has not yet been elucidated. The WHO concluded that occupational exposure to asbestos remains a major cause of death and disability in Europe, despite the conservative assumptions that underlie published estimates 12) . All studies have found that more than half of occupational cancers involve the lung, and that asbestos is the main occupational carcinogen 25) . We calculated the direct costs to the NHS of the diagnosis and treatment of the disease but took no account of indirect costs, such as the loss of productivity caused by the temporary/permanent disability and premature death of workers or the cost of carers, etc. Even though our estimate of the total costs generated by these conditions is therefore at the lower end, it indicates an expenditure of more than 463 million euros between 2004 and 2011 (51 in 2004 and 65 in 2011), with a mean annual increase of 3.5%. It has been reported that 66% -85% of the total health costs of cancer are indirect costs, including sick leave and early retirement, and especially the cost of mortality in people of working age 12, 26 -28) . Evaluation of the full economic impact of ARDs in Spain requires an assessment of the indirect costs and their addition to the direct costs calculated in the present study.
The greatest proportion of direct healthcare costs were for specialist care services (around 51%), followed by pharmaceutical prescriptions (39%). It was previously reported that 50% of the cost of cancer in Spain was for the hospitalization of patients, and that 15% was for pharmacologic treatments. Over the period from 2004 through 2011, there was no difference in the time course of costs among the components of specialist care with the exception of day hospital costs, which showed a mean annual increase of more than 100% (10-fold higher in 2011 than in 2004), whereas the average annual increase in hospitalization was only 2.9%.
Comparison of our findings is hampered by the different methods used in research on medical costs as a function of the specific objectives and resources available, as affirmed at the WHO meeting in Bonn in 2012 12) . 27) , similar to the present finding although different computational methods were used. Our calculation of the direct healthcare costs of occupational ARDs in Spain should be considered the lower limit for the reasons noted above, but it is not possible to calculate the degree of underestimation from the information available. The assumptions used to calculate the components of healthcare also represent a bias, especially with respect to the costs of prescriptions and primary care, whose estimation was derived from a geographic area that cannot be considered representative of the nation as a whole, given the variability in disease prevalence and in the offer of medical services among regions. Nevertheless, there can be no doubt about the high healthcare costs of ARDs in Spain, especially given the potentially prevent-able nature of these diseases. The elevated economic burden of ARDs underlines the need to increase their prevention and their early diagnosis and treatment.
As declared by the WHO European Region at its latest meeting 12) , asbestos continues to present a public health threat, despite bans on its import and use, due to wide exposure in the past. The recognition, diagnosis, and recording of ARDs remain challenging. However, estimation of their costs is of particular importance at a time of economic pressures on the health service. The proper demarcation of financial responsibilities between the National Insurance System (including Work Accidents and Occupational Diseases Insurance Institutes) and the National Health System is a highly relevant issue. Costs of occupational diseases should be funded by social contributions from employers and employees under the National Insurance System rather than by the tax-funded National Health System.
